Graphene-Semiconductor (G-S) Schottky diode is a building block of future graphenebased electronic and optoelectronic devices. Currently, there are debates in using the tradtional bulk metal-semiconductor Schottky diode equation to descirbe the I-V characteristics of G-S Schottky junction [Nano Lett. 14, 4660-4664 (2014)]. In this work, we propose a revised diode equation for a Graphene-semiconductor (G-S) Schottky contact and it is able to explicitly include the properties of graphene (such as Fermi velocity and tunale Fermi energy level). It is found that the equation is able to reproduce the IV characteristics for different semiconductors that have been used experimentally in various G-S Schottky contact, and also able to explain the mea- When a metal comes into contact with a semiconductor, a barrier (known as Schottky barrier) is formed at the metal-semiconductor (MS) interface. The barrier height of a Schottky contact is one of important parameters affecting the performance of various modern electronic and optoelectronic devices. The net current density through a MS Schottky contact due to thermionic emission is normally described by the Schottky diode equation
effective electron mass, and h is the Planck constant. The fitting parameter η is the diode ideality factor accounting for the deviation from the thermionic emission process and η = 1 refers to the pure thermionic emission process. Note J S in Eq. (1) is based on the classical thermionic emission model (or Richardson's law) for bulk materials, and Eq. (1) is valid for doped semiconductor (low to moderate level) operating around T = 300 K.
With the emerging two-dimensional (2D) materials such as graphene, much effort has been devoted to developing graphene-based post-CMOS devices and to exploring the unique properties of graphene for novel applications 2,3 Due to its finite density of state (DOS), monolayer graphene is considered as an atomically thin semimetal, and it can be used to fabricate graphene-semiconductor (GS) Schottky junction by depositing a graphene on top of a bulk semiconductor. 
Here, is the reduced Planck constant and v f (10 6 m/s) is the velocity of massless Dirac fermions in the graphene, E f is the Fermi energy level of the intrinsic graphene, which is located at the Dirac point. It is very important to note that Eq. (2) is independent of electron mass m, and the effects of v f and E F are explicitly included in additional to the temperature T dependence. The details of the equation and its comparison with experiemtal results can be found in the paper, and will not be reproduced here.
Equation (2) can be considered as the reversed current density, namely
for which the current density flowing from a n-type semiconductor to graphene must equal to the current density from graphene to n-type semiconductor. Thus for a graphenesemiconductor (GS) Schottky junction , the traditional Schottky diode equation for a metal-
where the modified Richard constant A * = 
where ε 0 and ε r are the permittivity of vacuum and oxide layer (e.g. SiO 2 ), respectively; d is the thickness of the insulating oxide layer, and V g is the applied gate voltage. Using Eq. (1) and (2).
In Fig. 3a , we plot the calculated currrent density J (in semilogarithmic scale) for a graphene/n-type-Silicon Schottky junction 21 as a function of biased voltage for different diode ideality factor η = 1, 2, 3, 4, 5 and 6. With increasing reverse voltage, the Fermi level in the graphene is tuned up, and the Schottky barrier height is reduced. Thus the reverse current density across the Graphene-Silicon junction is saturated as the reversed biased voltage (V < 0) increases. This is consistent with the band diagram shown in Fig.1d and it has been confirmed by recent work 6, 16, 21 . It is this unique characteristic of Graphene/Semiconducotor Schottky junction that makes it different from the traditional metal-semiconductor junction. The variation in the η does not greatly affect the reversed current density. However the deviation from pure thermionic injection (η = 1) enables the reduction in the forward current density for η > 1, as other transport mechanisms, such as quantum tunneling, diffusion, and others will become important. In addition, we find that the turn-on voltage for current across Graphene-Silicon Schottky junction is around 0.9 V as shown in the insert in Fig. 3a , which is in good agreement with the recent experiment result 21 .
In Fig. 3b , we show the effect of temperature (T = 260 to 360 K) on the current-voltage (IV) characteristics at η = 1. Note that the reverse current density increases with increasing temperature over the whole range of applied reverse voltage. For the forward current density, the increment of current due to higher temperature is only up to about V= 0. 
